A view that dichotomous response patterns with negligible probabilities should be excluded from data analysis was pursued mainly to mitigate the difficulty in dealing with an enormous number of possible response patterns. Based on an assumption of latent structure, a geometric model of dichotomous response patterns was proposed. Monte Carlo computations revealed, among others, that the structural consideration of binary information can lead to an economical way of data analysis, and that the simplicity of interpretability of binary information degenerates rapidly as the structure of the information tends to become multidimensional.
Let us consider a situation in which a psychologist interviews a patient. Each time the patient answers a question, the psychologist receives a certain amount of information about the pathological state of the patient.
We may assume, the more questions answered, the clearer picture the psychologist will get. If the answers are made in terms of" yes" or" no", the patient's answers to n questions can be represented as an ordered set of binary numbers, called a dichotomous response pattern, as indicated by (1) the items are related to symptoms of schizophrenia and if the patient is in fact schizophrenic, then it is always true that y provides more information than y,, which we may indicate in terms of conditional probabilities as in (3),
In general, the response pattern is more informative than the total score (it should be noted, however, that the abundance of information and the usefulness of information are two different matters). This informative aspect of response patterns has attracted attention of many investigators, and a number of studies have been reported (e.g., Meehl, 1950; Guttman, 1950; Lazarsfeld, 1950; Samejima, 1969) . However, there still seems to be a basic problem that needs to be solved. That is how to find a practical analytical method of an enormous number of response patterns. In the area of probability estimation of dichotomous response patterns, Nishisato (1965) investigated a method by using a logistic fractional replicate model, in the hope that it would serve the purpose of practicality. But, his choice of the highest-order interaction as the defining contrast does not always seem to be the best, for it is likely that the amount of contributions of high-order interaction terms may become substantial when the item-difficulty levels and item intercorrelations depart from .5 and 0, respectively. Bahadur (1961) proposed an approximation method, called the second-order approximation, in response to the demand for a practical method of probability estimation. Bahadur's oversimplified approximation, however, turned out that it could lead to a negative value as an estimate of a certain probability. At any rate, one of the outcomes of such simpli- 
where, we assume, This means that all the n(n-1)/2 latent correlations among x; can be completely specified by n diagonal elements of A1/2, when all the diagonal elements of A1/2 are equal then all the intercorrelations among xi are zero, and that when there is only one nonzero diagonal element all the intercorrelations arc unity. Thus, (4), (5) and (6) figure) and projection (the bottom figure) . Frequencies in the unidimensional case are expected frequencies. MMPI data were supplied by Clifford B. Reifler of the Department of Psychiatry, University of North Carolina. The distributions of these response patterns were reported by Nishisato (1965) .
Set I consists of items 1 through 6, Set II of items 13 through 18, Set III of items 19 through 24, and Set IV of items 31 through 36 of the MMPI. (Table 3) . Correlation coefficient rjk is the cosine of the angle between item-planes Xj and Xk. Thus, in a twodimensional case, the correlation coefficients in Table 3 can be expressed in terms of angles between item-planes as given in (vi) As is seen in Fig. 4 , n(n-1)/2 latent correlations created by n variables can be generated, in a two-dimensional case, data constitute a tightly constrained structure.
Out of 2n sectors created by n items planes, there are only (n-1) independent sectors. No matter what the distribution of a's is, it is obvious that a two-dimensional space will result in many patterns with zero frequency (see Table 2 ). In Case 3, which is a three-dimensional case, the following thirty-seven patterns have non-zero frequencies (see Table 2 The situation is far more complicated than that of a two-dimensional case. It seems that there are six dominant groups of triangular patterns, namely, I, II, III, IV, V, and VI. A question may arise as to whether or not the number of dominant groups of triangular patterns has any clue about the dimensionality of the space. This appears to be a very interesting question, which may be rephrased as a problem of a possible number of orderings of n objects in a kdimensional space. The problem, however, is not as simple as it appears to be. Correlations among objects and their dichotomy proportions in a three-dimensional space seem to complicate the problem beyond our reach. In spite of the complexity of the situation, it is still encouraging to know that there are many patterns with zero frequency, indicating that the complete description of the probability distribution of response patterns in a three-dimensional space can be 
CONCLUDING REMARKS
As far as mathematical analysis is concerned, it is appropriate to say that the more questions being answered the greater amount of information can be transmitted from the speaker to the listener. Psychologically, however, it is not always the case. For instance, it would sound realistic to say that the more you hear about a political candidate the more confused a picture you will get about him. It is likely in this case that the information you get is multidimensional. The present study demonstrated that the simplicity of interpretability of binary information degenerates rapidly as the structure of the information tends to become multidimensional. Nishisato and Torii (1969) the configuration to assess the probability. It appears as though direct integration of a multivariate normal over a certain region is in a general case nearly impossible (Gupta, 1963) . Thus, some approximation method seems to be in order. Another way of handling the problem of probability estimation is to employ an experimental-design model. Once the maximum-likelihood configuration is obtained, it would provide a clue to determine which patterns have negligible probabilities, and which patterns are thus to be excluded from the analysis. On the basis of the selected patterns, an experimental-design model for general incomplete data may be developed to estimate the probabilities of observed patterns.
The distribution of item-difficulty levels seems to be a major factor which is responsible for making binary information rather incomprehensible (see Fig. 5 ). Nishisato (1965) demonstrated that the item-difficulty factor interacts substantively with item intercorrelations, resulting in a wide spread of binary information not only over the second-order moments but also over higher-order moments. It is obvious that a second-moment approach, such as a correlation-analytical approach, to data analysis is not sufficient in the case of dichotomous variables. One alternative then is to further develop our geometric model as an analytical tool, where we may perhaps avoid the issue of high-order moments or high-order interactions. Another alternative is to employ variancestabilizing transformations of dichotomous data, which will reduce to a considerable extent the contribution of high-order moments.
The present study dealt with only a simple deterministic model, which, however, was complicated enough that we resorted to Monte Carlo computations. To make the model more realistic, it would eventually be necessary to introduce trace lines and make the model probabilistic.
Whether or not such an idea of a probabilistic model is viable remains to be investigated.
In summary, the study proposed a geometric model of dichotomous response patterns, with which it was emphasized that the structural consideration of binary information would mitigate the difficulty in dealing with an enormous number of possible patterns. Monte Carlo computations revealed, among others, the following:
(i) A set of correlated items produces a relatively small number of such patterns that have substantial probabilities.
(ii) The existence of a single dominant component by itself does not seem to justify a unidimensional treatment of data.
(iii) In a quasi-unidimensional case, typical patterns are not necessarily those which comprise Guttman's perfect scale.
(iv) If the distribution of a's of a set of items is different from that of another set of items, this difference can give rise to quite different sets of observable patterns. This is true even when the two latent structures are identical.
(v) In a two-or higher-dimensional case, the response "yes" to one particular item does not always convey the same information. The meaning of the response depends on the particular response pattern in belongs to. Also, the amount of information transmitted by the response " yes " depends on the pattern it belongs tn.
